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Dear Editor, Immune checkpoint inhibitors have been spotlighted as a recent crucial therapy in many kinds of solid cancers. Atezolizumab is an immune checkpoint inhibitor that increases antitumor T-cell activity through binding to programmed death-ligand 1 that suppresses effector T cells. 1 The potentiation of T-cell activity by atezolizumab may induce an uncontrolled immune response that can lead to a wide range of adverse events.
2 One of the rare adverse reactions of atezolizumab is meningitis or encephalitis. Here we report a severe case of autoimmune encephalitis that developed after administering atezolizumab to a patient with bladder cancer.
A 49-year-old male was admitted to our hospital for status epilepticus and encephalitis of unknown origin. He was diagnosed with urothelial carcinoma of the bladder, and received the first cycle of 1,200-mg atezolizumab (Fig. 1) . After administering atezolizumab he suffered general weakness and eventually showed stuporous mentality and three generalized tonic-clonic seizures upon admission. Brain MRI showed diffuse leptomeningeal enhancement. A cerebrospinal fluid (CSF) examination showed an opening pressure of 23 cm H2O and that a sample of 50 white blood cells comprised 8 polymorphonuclear cells, 1 lymphocyte, and 41 cells of other types. Leptomeningeal seeding was first suspected considering his past medical history and the dominant CSF profile of the other cells. However, no malignant cells were found in CSF cytology. Antibiotics were administered since we could not fully exclude bacterial meningitis. However, the CSF profile had worsened at follow-up. We were concerned about the possibility that atezolizumab might have caused autoimmune encephalitis, and so steroid pulse therapy (1 g of methylprednisolone daily) was administered. This did not produce any improvement, and so intravenous immunoglobulin (IVIG) therapy was started. The patient initially improved clinically and follow-up MRI showed the resolution of leptomeningeal enhancement. All findings in the CSF study were negative: paraneoplastic antibodies (anti-Hu, anti-Ri, and anti-Yo antibodies), bacterial culture, fungus culture, tuberculous PCR, and viral PCR including herpes simplex virus 1 and 2, Epstein-Barr virus, varicella zoster virus, cytomegalovirus, and John Cunningham virus.
The patient experienced drowsiness about 1 month after the first IVIG therapy, so a second round of IVIG therapy was applied. However, this did not produce any further clinical improvement. There was no epileptiform discharge in electroencephalography, and the findings of a follow-up CSF study were completely normal with no malignant cells in cytology (Fig. 1) . The patient had suffered persistent fever and his CRP level had seldom dropped below 20 mg/dL despite receiving antibiotics. The median onset delay for immune-related colitis in patients with urothelial carcinoma who receive atezolizumab was 1.7 months. 3 The present patient was suspected as having immune-related colitis because of continuous dis- Internal Medicine, Seoul National University Hospital, Seoul, Korea tension of the colon in abdominal X-rays and Clostridiumdifficile-negative loose stools that occurred 2 months after the administration of atezolizumab. Changing from prednisolone to methylprednisolone, increasing the dose, and administering infliximab were not effective, and his cancer progressed with increased metastasis. His general condition declined and he eventually died of septic shock and multiorgan failure.
There have been several cases of autoimmune encephalopathy caused by immune checkpoint inhibitors, 4 most commonly associated with ipilimumab. Three cases of autoimmune encephalopathy caused by the administration of ipilimumab and nivolumab have been reported, all of which received steroid pulse therapy and IVIG therapy. [5] [6] [7] Rituximab was also administered in two of these cases. 5, 6 Another case of autoimmune encephalitis induced by ipilimumab and nivolumab was improved by a steroid and natalizumab. 8 Two cases of atezolizumab-associated autoimmune encephalopathy improved rapidly following the administration of steroid therapy.
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We could not prove the direct causality of the encephalitis in the present case. Moreover, autoimmune antibodies such as anti-NMDAR, anti-AMPA, and anti-LGI1 antibodies were not checked for. However, several aspects strongly suggest that it had been triggered by atezolizumab. The patient was diagnosed with bladder cancer 1 year before administering atezolizumab. A paraneoplastic neurological syndrome is rare in bladder cancer 11 and usually precedes its diagnosis. 12 The rapid progression of neurological symptoms after only a single dose of atezolizumab and the neurological improvement after administering immunosuppressive therapy suggests that the disease course was far from a paraneoplastic syndrome. In addition, the patient was suspected as having immune-related colitis, which is not expected in other types of autoimmune encephalitis.
It would be reasonable to attempt immunosuppressive therapy such as steroid pulse therapy and IVIG therapy: the former might suppress autoimmune T-cell activity and the latter might help neutralizing the immune checkpoint inhibitor. Our case suggests that IVIG should be considered in atezolizumab-associated encephalopathy that does not respond significantly to steroid therapy. Besides, the half-life of atezolizumab is 27 days, 13 and it was on the 27th day after the administration of atezolizumab when the patient started to show clinical improvement. We therefore suggest that immunosuppressive therapy was effective not only against the condition itself, but also helped with the natural decrement of atezolizumab. Additional IVIG therapy could be considered in cases of aggravation of the neurological status, but this did not bring any improvement in our case. Perhaps natalizumab 
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could have been another option, since this might be able to reduce inflammation of the CNS through blocking the entry of lymphocytes into the blood-brain barrier. 8 This case report raises several important clinical issues. If a patient is suspected as having autoimmune encephalitis after receiving an immune checkpoint inhibitor, steroid pulse therapy should be started as soon as possible. Antibacterial and antiviral therapy should also be administered concurrently in cases where the etiology of encephalitis is uncertain. If the patient does not show clinical improvement even after steroid pulse therapy, immediate IVIG should be considered next.
